
UTILITY PATENT APPLICATION TRANSMITTAL 



□ DUPLICATE 



Address to: 

Commissioner for Patents 
Box PATENT APPLICATION 
Washington. DC 20231 



Attorney Docket No. 



First Named Inventor 
(or identifier) 



Total Pages 



WUKU3001/EM 



Kuo-Guan WU et al. 



40 



o 



SCM 
SO 



Transmitted herewith is a patent application under 37 CFR 1 .53(b). 



Entitled: 



NOISE REDUCTION METHOD 



=CM 



IS 1 . Submitted herewith are the following: 

13 pages of specification. 

1 Abstract. 

2 sheet(s) of drawings. (Fig. 1 (Prior Art): Fig. 2) 
9 claim(s). 

1 Oath/Declaration signed by each inventor. 

0 Application Data Sheet. 

0 Preliminary Amendment. 

0 Information Disclosure Statement(s). 

0 pages of Form PTO-1449, and one copy of each document listed thereon. 

1 Assignment of the invention to Industrial Technology Research Institute, Hsinchu, Taiwan, 
R.O.C., Cover Sheet, and payment of the $ 40.00 recordal fee. 

1 certified copy of application no. 90124022 filed September 28, 2001 in Taiwan. R.O.C . 
Priority is claimed. 

1 check in the amount of $ 780.00 including any assignment recordal fee. 

2. SMALL ENTITY STATUS IS ASSERTED pursuant to 37 CFR 1 .27 for this application. 

3. The Commissioner is authorized to credit any overpayment and charge any deficiency in any 
fees required under 37 CFR 1.16 and/or 1 .1 7, to Deposit Account No. 02-0200. 

4. Insert before the first sentence of the specification: - - This application claims the benefit of 
provisional application number • filed . - - 



□ 
IS 

□ 

□ 

□ 



6. 



Insert before the first sentence of the specification: - - This application is a Continuation-in-part 

of nonprovlsional application number filed . - - 

Other: . 



The registered practitioners representing appllcant(s) are J. Ernest Kenney, Reg. No. 19,179; Eugene Mar, 
Reg. No. 25,893; Richard E. Fichter, Reg. No. 26,382; Thomas J. Moore, Reg. No. 28,974; Joseph 
DeBenedictis, Reg. No. 28,502; and Benjamin E. Urcia, Reg. No. 33,805, 



THE FILING FEE IS CALCULATED AS FOLLOWS: 



Basic Fee: 



$740.00 



Total Claims: 



Independent Clalnns: 



-20 = 



- 3 = 



Correspondence Address: 
BACON & THOMAS, PLLC 
625 Slaters Lane, 4"^ Floor 
Alexandria, VA 22314-1 176 



23364 

PATENT TRADEMARK OFHCE 



Phone: 703-683-0500 



Fax: 703-683-1080 



Date: 



Name: 



X$18 = 



X$84 = 



Multiple Dependent Claim (add $280.00): 



Subtotal: 



$740.00 



50% Reduction if Small Entity Status: 



Total: 



$740.00 



Signature: 



Reg. No. 



February 7, 2002 



Eugene Mar 



25.893 



S:\Producer\em\Clients\Wood & Wu\WU3001.new application transmittal .wpd 



(01OCT01) 




RJLgj fHJlSI IZltSl prisi 



raiisi BJ151 [Eiisilinsiy 



t # a * ^ ^ * W >t >^ 

'intellectual property office 
ministry of economic affairs 
republic of- china 



o 

f- 



This is to certi/fy that annexed /is a true copy from the records of this 
office of the application as originally filed which is identified hereunder 



It a : ^7t 2001 ^ 09. n 28 „ a 



Application Date 



' 090124022 



Application No. 



Applicant(s) 



CERTIFIED COPY OF 
PRIORITY DOCUMENT 



Director General 

4« # 



#S.B«-: StL 2001 i¥- n , I 

Issue Date 

0901101G533 

Serial No. 








Ik M 











A4 
C4 



II 4- *L «J ♦ 














m n 


1.2. t^^^ 










it. ^ Mm 


1. wlt^l'^^;!/ 102 5^ 




■ik X 

{sm ) 






m # 






\3L ^ mm 

( W>r ) 


^^>}t!l.f.^t^^t^i^4a:l 9 5 life 




'R. ;^ A 











t 

1i 



;^#I^fS:-^;lit;?l tglBl5^**2ft (CNS)A4*t*S-( 210X297/^^ ) | 







^ m 




I PC^^ 





A6 
B6 



m 



(ALE) t-*4^'J • t^a4s 



.*-ft^*/Uti4^ t a il5r#2f^ ( CNS ) A4*«^ ( 210X297y>i|t ) 



# 


• 






A5 






B5 






^ m 4l ^ 


> <l 




IH. 4:, ::5r » ^^1^ 




•k^ ^ 0^ ^ ' ^ — ^ 




-in 9-^ Ab- 

f|r in. ^)Xj iFF 


ifitt » ^ ^ j«i IH. !S; # IH. j;b » 


^ -f - ^ it * ^ 






It j:^ >^ i£ ' 






^ ^ » * f/f ^ ^ 




It # if ^.i -^r it # It >?• ^ ^ 


J. o 








) 









vi 



4^««.*/?.;li4^ tglilJ?^^2P^ ( CNS ) A4*US- ( 2lOX297/>j8l ) 



A7 

B7 

- imnm ( I ) 

[ 4^ # ' 8^ ^ 4^ ^ ] 

# # M >^ ^ -I- 4^ ^ ^ ^i^ ^ ^ ' - « 

# >^ 1^ -I* ^ "tH. ^ ^ ^ ^ ° 

^ » ^it^ai^^*- ( Spectra I substraction) -f^^-^— ^ 

4^ » ig jtb ^ ;^ ^ >^ ^ # 1^ ^ ^ A S ° jlb ^ H 5 

itfrl^'i'^lH.^-^t^'it (Noisy speech spectrum) ^ 
tftt^^lt^-lt-fii- (Noise spectrum estimate) » ;^'fit#^ 
>f !§• -g- -i: 1^^ # (Speech magnitude spectrum) » it 

^ 1 ® jii 7F Jl i€ ^ It ^ ' * t ' ^^^^ 

# iH. If ^ #J ^ >pi -f® it it 6*1 ^ » -i- ;m IK. J'X - ^ 
(Additive noise model) ^-sFib • 

y,(k) = Sr(k) + Wr(k). 

# t ' yr(k) - s,(k).SL Wr(k) ^ ^'J * ^ r>fS -g-;}^ ^ ^ k^SI 
iH. ^ -I- ( Noise speech ) - If -|- ( Clean 

speech) >5L#IK. (Noise) 'S?. ' jHi^#lH.^-f--^^ 

yr(k) 'tfe it # :i ^ # ^ (Fast Fourier Transform » 
FFT ) (#^S101) iTfj^^^r-flil-g-^fe-^t ^k#^^ 

^^fi^-t^^lH-ff ^^It^ |Yr(k)|^ » ^ ^#^^-^yr(k)3i.4t 
^-^-f^J^'J-^S (#4^S102) ^#UL^^It##>^4£ (#^ 



t ® ® (CNS)A4 HL^ (210 x 297 'ii-g ) 



A7 

B7 

£. ^ ^^mt^m ( 2 ) 

S103 ) ^kfff'f^^f A ^ # IH. ^ It ^ |Wr(k)|^ » m.y:^mn^}^A 

Sr(k)^=|Y,(kf -|Wr(kf . ( 1 ) 

^ ;f a ;f2. it 

'fj'X » ^'J |Sr(k)p 'tfe it # :i ^ # 4^ ( Inverse Fast 

Fourier Transform » IFFT ) T # ^ t# -t- "^t ^.^ 
§r(k) " 

t# -t- it It -f^ t itJ iEC # 41 -(^ ^ -i: » jlb -f^ Sl^ * 1^ ^ 

r«i .fij ^ m i4 ?4l ^ * itj ii> ^ ^ >SL 'j> ' 

m ^ ^ ^ n ' iia:jib«^!ait't^mm-^#-iH. 
( musical noise ) ° 

^3^^Mi^^f^M ' Berouti ^ /^^ii — M 5^* 
# «l it # it 'fii. ^ ^ iH. ^* ( Pft 'ft - : M. Berouti, R. 

Schwartz, and J. Makhoul "Enhancement of speech corrupted by acoustic 
noise", pp.208-211, 1979 IEEE) » *t » A ( 1 ) ^ ' 

S^kf =|Yr(kf -a, •|Wr(k)|^ a^^ 1 ' ( 2 ) 

*T jlfc. ' -^r 'J^ # *l it -fi^ -^t ^ ?IP^ ^IL # ' It -f^ ^ ^ # 1H. 

6^;iR.lfett#iH.tb'fiiL (Signal-to-noise ratio » SNR) ifij 



M 



4^*e^ift>^>tiiaffl + 0 a (CNS)A4 (210 x 297 > 



A7 
B7 



5. ^ ^mnm ( ^ ) 

Ctr = OLq +SNRr 



SNR, 



( 3 ) 



# «r= 1 13:^ SNR ^IL » SNRr-^ 4. ^ r'fS 6^ SNR 

T^JiiK^||t<^^ (3) » «rJ^ SNRr J. J:b 

Bfl ^f. » # SNRr^ 'J- B# » ttr ^'J ^ » jlb ^ ^ ttr ^ ^ 4* 

» JLif^-S t^-fl^^^^Ji ' S jlbSNR-(f, 1^ 

(3) -sf^' SNR^>fg. Bf ^ # ^ # # 

f 'J » ^tt ^ ^ ^ # #1 ^ ^ # ^'J i€ m -I- 1^ iR. ' rfh^^m 

A K 1^ $iL 'y ^uy^ m ^ ^ : ^-^^ » 

(2) (3) Fjf ^^-t ^ ik^^^^m^ 

^ # ^ ^ St it * #: ^ ' #J Pft 'ft — : Kuo- 

Guan Wu and Po-Cheng Chen "Efficient speech enhancement using spectral 
substratcion for car hands-free application". 2001 Digest of technical papers, 
pp. 220-221 » ^S. ^ ^ M ii: ^ ± 3^ 3^ ^ m m. » m Jt » -fl^i^ 



oa 

ii. 

I 



^I^Jfe-^i^ififfl t S a (CNS)A4 iS,^ (210 X 297 'ii-^ ) 



o 



A7 

B7 

5. ^ ^^mnm ( 4- ) 

^R^:^>i-j * ^m.^ ^ t ^ ^ ^ ^ J^k. ^ m ^ 

^ ^ ^ i§ t ft^ ^ ' ^ ^ ^ -I- ^ IK. » JL il^ ^ > ? 

it ^ ^ a 6^1 ' 4^ # 8^ ^ v^' t# -t- # 1H. ^ ^ ^i- ^ 1^ f 

^ It .4 ^ iTn # ^ Ji ^ It >f -t- m it -f* -If ° 

ife 4^ # 8^ ^ -it ^ ' m.^^M.i^Jc.Mm ' 3.^^ m 

' ^ t tfr ♦ ^ 'J « 



. . A7 
B7 

i ^ i^^Bt^m ( ^ ) 

m ^ }ir ^- ^^k"^ » ^ ^ M ^ 2 ® f;f ^ >4 a ® » 

'tfeit#:2.^#^ (Fast Fourier Transform » FFT ) A 
m (#^S20 1) .7Q^#*^E-l-^^it-^ |Yr(k)|^ » ^ ^ # IH. If 
-|-yr(k)JLM#^^^?^mi£ (#«^S202 ) >SL^-iH.^^lt'f*# 
(#^S203 ) ^^f/f-fi^if ih^^r'fliI^;fg:^#^lH.^^lt^ 

^ # It |Sr(k)|^ » #*':<,^i^>g.'^ii#^^#4^ ( Inverse 
Fast Fourier Transform »IFFT) (i^l^S207) 
ski'^M ^k-^mtfl^ii. Sr(k) ° efl^ ' # 8^ ^ -ff, ^ 

^-i-^^^ (Frequency band) ^ ^ ^ -fSI ^ ^ ^ (Sub- 
band ) ^ yyi.j^^ - ^ i^Hm-t>^f^yir o 

(>^S204 ) i-X ^lir # ffl I-:; -f-^ j:^ ft^ S ^ 

d^SNR-fjL' ^-r^XlHjJt:^^ >t » ^ ^ ^ T •* 



4^tMkJ^Sii&^ t @ a ^4Sif^ (CNS)A4 ffi.**^ (210 x 297 ii-a ) 



A7 
B7 



SNRr (i) = n • SNR°_i (i) + (1 - n) . 10 . logjo 



S|Yr(i,k)|' 

kesub-band i 

Z|Wr(i.k)f 

V.,kesub-ban<l i 



-1 



SNR>f*#^ ' |Yr(i.kf ^r#-^^g 1:31^1^(11^^ 
jii.'^^^0.tfLn-^mn - |Wr(i,k)|^ J^t^hm-si^^^^t » 
0 < M < 1 » SNR°_,(i) A ^ - *1 M # IH. iE£ ^ ^ ^ 

Z |Sr-i(i,k) 

SNR?_, (i) = 10 . logio ^^'^^-^^^^-^ 

. Z|Wr_,(i,k)|2 

kesub-band i 

^ t ' |Sr-i(k,i)f A^hT-^ (^r-l-fSI) -|-;fI^-f-^^i5^iAJK 

4l It ft ^ It # if o 

^ 4? S205 ik^n^'li^^^m^ SNR -fjL 

SNRr(i) ar(i) ' y^L $^ ^ ^ ^ -rfz -kx^ 

T : 

ttr (0 = ao(i) + SNRr (i) . iz.^^ 
rv^ ov/ rv/ sNR,(i) 

*t ' ao(i)i^ ^i^SNR = 0 Bf ft^ SI ^ ' 

SNRi(i)>f^ ^ arO)= IB^'l^fSl^LSNR'f^ « 



if 

It 
# 



tr 



4^iMhJZ,JS.iSLm t @ a ^^S^^ (CNS)A4 ^^^S^ (210 X 297 lii-lSL ) 



A7 
B7 



i ^ i^mtm ( 7 ) 

|Sr(i,k)|^ =|Yr(i,k)|' -ar(i).|Wr(i,k)|^ 

n ' ^^^M^-f-m^^Zj^m-tidi,?^^ » a >g. -t^ it # ^ 

ik^iik (Inverse Fast Fourier Transform » IFFT ) A 

( ^4^820 7 ) m if ^ m ^ mtfLm^^i. s,(k) « 

- JEC ^ » ;y^:^I^S205 t » ^ it - # 'f^ J^J l^-fMI -|-;fI^SNR 
ar(i) = amax if SNRr<SNR„i„. 
X » jlb # ^'J t ' # ^ S204 # Ih7 if :^ ^ Y^fe^ # it{ 

^^ -ka # ^ ( Elias Nemer, Rafik Goubran and Samy Mahmoud: 'SNR 
estimation of speech signals using subbands and fourth-order statistics', 
IEEE Signal Processing Letters, 1999, vol. 6, no. 7, pp. 171-174 ) f/f ^ 
%^ m.i\ fii: (High order statistic) ^ 

# tH. (white Gaussian noise ) ij^ >^ ^ %^ ^ ^ M. !k. 
^^.i^n^^ * ^-^ISdb - 1 Odb>SL 5 db ^ =. -fSI SNR -flL » 

10 



;^iM^fLS.i&m tmm^^^ (CNS)A4 (210 x 297 ) 



A7 
B7 



it It ^ It # ' m m . { m 

^ ao(l~18) = 2, SNR,(1~13) = 1.5, SNR,(14~ 18) = 1.25 ) # W ^ ^ 

( # #t ao =7.5^ SNR, =20 ) f/f ^ # ^ i^T S NR ?it 
# #1 >b ^ l'>^ T - : 





ii§ * /l^ 


* /J^ 




1 5dB 


2.3 9 


3.33 


3 9.3% 


1 OdB 


3.86 


4.76 


2 3.3% 


5dB 


5.64 


6.64 


17.5% 



i^*.--5r^ ' SNRi^ 15 dB » 

^a^>5^7^^;^-5rit 40%^?4l^^ » jlb St -g- -ff. 1^ ^ ^ ^ 
SNR ^ Jt^» "Sj " 

Jfl ^ >^ iLf/f-^^ ^^^^ ^SNR#. lij ^ 

Idt #^S204^SNR'f*#^iEEf/f ^# ' m 8/1 ^ :^ ^i- 

{ ^ ^ ^ $k ao(l~18) = 2, n = 0.25, ShfR i(l ~ 9) = 10, 
SNRi(10~13) = 15, SNRi(14~16) = 2, SNRi(17~18) = L25. ) ^^^^ 
( it ^ ao=7.5.SL SNR, =20 ) r/f ^ # ^ ^ ^ 
S NR ?4: -i- ^1 >t. J^b ^ i-X T — : 



tr 



11 



+ @ @ ^^Sijt <CNS)A4 (210 X 297 ) 




A7 
B7 



i ^ ^tmtm ( ^ ) 







* 




1 5dB 


2.39 


2.80 


17.0% 


1 OdB 


3.86 


4.09 


6.0% 


5dB 


5.64 


5.96 


5.7% 



^^^^^u*^^^ SNR^ 15dB > m^^M^^ 
^Tit 17%^?it#^ o 

ji ' ^-mm.^ ^ - -f - -^s: ^ j;!^ ^ » ^ i^i 

EI ^ >^ 4 ^'j ' # ^ .4 ;fi » * ^ ^ ° 'mm^i.^^^^ » ji 
i€ # # ^uf ^ T 11 ^ ^'j rffj » ^^mm ^ 



12 



# 



tr 



^it^ikKS.l&m + ® @ I^^S^i^ (CNS)A4 (210 x 297 'ii-a ) 



A8 
B8 
C8 
D8 



m j^i it ^ m ' m. ft # ^-j tn. 

( SNR ) ^ SNRr(i) : 

(C) ^^t^iiit^*^^ SNRr(i) » ^ -f- i * 
EI ^ ar(i) ; J-X .5. 

(D) ^^-^^^t » it#^XT^^^i©*-^^it;fEI 
>4 -Ta # It If ^ -f* If : 

|Sr(i,k)|^ =|Yr(i.kf -ar(i)•|Wr(i,k)|^ 

■^mn - \w,(ukf^m^^^i}imn - priwf ^ m m ^ $t 



-13- 



M 



^«t^?ft-'?.&i!a« t @ B (CNS)A4 (210 x 297 > 



A8 
B8 
C8 
D8 



a,(i) = ao(i) + SNRr (i) .Iz^^, 
" ' SNRi(i) 

SNRiCO-f^^ ar(i)=l Bf ^?S:-^SNR{JL » SNRrO) -S- ^ i 6^ 
SNR^*#.>flL o 

3 . t ^'J la SI ^ 2 ^ f>/f i!c :?r ' ^ t » ^ -f- 

ar(i) = amax if SNRr<SNR„i„, 
#t ' SNR^i„J^ ^ IS: ilSNR6^i ^ ^IL o 

4. :ita t ^ is ^ 2'Kf/fii!t4L ^ » ^ t ' SNRr(i) 

-ff. T i4 ^ isr : 



SNRr (i) = M • SNR°_, (i) + (1 - n) . 10 . logjo 



^ Z|Yr(i,k)|^ ^ 

kesub-band i j 

Z|Wr(i,k)|^ 

^ kesub-band i >/ 



# t ' 0<ja<l » SNR°_,(i)^ 15" - M ^ifLA^S.^^ 

5 . -kxr iF n ^ ^ m ^ 4 m ^ ^ ^ » * t » 

Z |Sr_i(i,k)P 

SNR°_i (i) = 10 • logio k«ub-band i o 

S|Wr_,(i,k)p 
kesub-band i 

6. *»ti^4^'Jla®^2^^id£i::^^*- » » SNRr(i) 

# ^JL if-Hi:^%^^° 



4^«ft.m<'^>5Liaffl t @ @ m^.'^ (CNS)A4 ^^^S- (210 x 297 > 



A8 
B8 
C8 
D8 



^ ^ # M ^ -f^ jl'J ^ 3S >5: # IK. -f* # ^ m .?fj # If ^ 

9. -kP f n ^ ^'l ^ m ^ 1 ^ F}f ili^ ^ ii: ^ *t 
( D ) t # 41 6^; ^ It ^ It -tt # # >^ 'Ifc i4 # ^ 

^ # ^ >^ 3S » II # tf it ^ -fb ^ 41 ifi ^ <Jl o 



is. 



tr 



+ @ S (CNS)A4 ^WS- (210 x 297 '^S ) 



8 







<N 
















^ 


V 


) 







-O 

Co 




CO 




C/3 



